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(54) Title of the Invention: METHOD FOR IMPROVING SPARINGLY WATER-SOLUBLE 

DRUGS, AND DRUG COMPOSITIONS OBTAINED THEREBY 

(57) Summary 

Object: To provide a technique for improving the solubility of crystalline drugs which do not 
readily dissolve in water. 

Constitution: A solubility improving method in which crystalline particles of a sparingly 
water-soluble drug are dispersed in air, a solution of a water-soluble polymer is sprayed onto the 
dispersed drug, and the drug is subsequently dried. 
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Fig. 3 




6 10 16 

Time (far.) 



1 . . 1 1 amount of dissolved indomethacin 

^Percent dissolution is defined as x 100. 

overall amount of drug composition 

**C is indomethacin that has not been subjected to solubility-improving treatment. 
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SPECIFICATION 

Claims 

(1) A method for improving the solubility of a sparingly water-soluble drug, the method being 
comprised of dispersing crystalline particles of the drug in air, spraying a solution of a water- 
soluble polymer onto the dispersed drug, then drying. 

(2) The drug solubility improving method of claim 1, wherein the solution of the water- 
soluble polymer also has dissolved therein the same sparingly water-soluble drug as that onto 
which the solution is applied. 

(3) The drug solubility improving method of claim 1, wherein 0.2 to 20 parts by weight of the 
water-soluble polymer is applied per 1 00 parts by weight of the crystalline particles of the 
sparingly water-soluble drug. 

(4) The drug solubiHty improving method of claim 1, wherein the sparingly water-soluble 
drug has a particle size of up to 50 |im. 

(5) A drug composition of improved solubility, which composition is prepared by spraying a . 
solution of a water-soluble polymer onto particles of a sparingly water-insoluble drug dispersed in 
air, then drying. , 

Detailed Description of the Invention 
[0001] 

Field of Industrial Use: 

The present invention relates to a method for improving the solubility of crystalline drugs 
which have a poor solubility in water. The invention also relates to a drug composition of 
improved solubility obtained by such a method. 

[0002] 
Prior Art: 

Drugs administered internally in humans generally dissolve within the digestive tract and are 
absorbed into the body in the state of a solution. Hence, drugs having a low solubility and drugs 
with a slow rate of dissolution (collectively referred to hereinafter as "sparingly water-soluble 
drugs"), when taken internally, are not completely absorbed; a portion is excreted from the body 
without being dissolved. 
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[0003] 

In addition to drugs being wasted in this way, the amount of drug absorbed varies from person 
to person and with conditions within the intestinal tract, all of which can make it impossible to 
determine the proper dosage. 

[0004] 

Many methods have hitherto been proposed for increasing the solubility or rate of dissolution 
of sparingly water-soluble drugs in the intestinal tract. Some of these methods, including those 
briefly described below, have seen practical use. 

[0005] - 

(1) The sparingly water-soluble drug is dissolved in molten urea or polyethylene glycol, then 
rapidly cooled to form a non-crystalline solid solution. 

[0006] 

(2) The sparingly water-soluble drug is dissolved in an organic solvent together with polyvinyl 
pyrrolidone or hydroxypropyl methylcellulose, following which the solvent is removed such as by 
spray drying to form a solid solution like the above. 

[0007]' 

(3) The sparingly water-soluble drug is mechanically fused, or deposited as a solution, onto a 
carrier such as starch, then dried to form fine, non-crystalline coated particles. 

[0008] 

(4) The sparingly water-soluble drug is included within cyclodextrin or a derivative thereof, 
thereby improving its solubility. 

[0009] 

Problems the Invention Sets Out to Resolve: 

The above-mentioned prior-art methods for improving solubility are all effective at improving 
solubility, but they cannot achieve the desired object without the use of a large amount of additive 
relative to the drug itself 
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[0010] 

For example, in a method where the drug is dissolved in a molten substance then subjected to 
rapid cooling, the molten medium is used in an amount of generally 3 to 5 times that of the drug 
itself In a method where the drug is deposited on the starch carrier, the carrier is used in an 
amount generally 20 to 30 times the amount of drug. In a method where an inclusion compound 
is used, cyclodextrin is generally used in about the same amount as the drug. 

[0011] 

Accordingly, in preparations obtained by prior-art dissolution improving methods, the amount 
of the preparation inevitably increases by the amount of additives included therein. Such methods 
are poorly suited to pharmaceutical preparations, which are often administered as a single dose. 
Moreover, the presence within the preparation of specific types of additives as excipients or 
binders also creates a number of problems, such as the difficulty of imparting desirable physical 
properties to the preparation and the undesirable influence of the additives on the 
pharmacokinetics of the drug absorbed in the body. 

[0012] 

In the case of methods in which a drug is mechanically fused onto a carrier, in addition to the 
foregoing drawbacks, the drug also has a low adhesive strength to the carrier. As a result, the 
drug gradually peels from the carrier, lowering the dissolution improving effects. 

[0013] 

The object of the invention is to provide a technique capable of improving the solubility of a 
sparingly water-soluble drug without the addition of a large amount of additive. 

[0014] 

Means for Resolving the Problems: 

The inventors have conducted extensive studies aimed at improving the solubility of sparingly 
water-soluble crystalline drugs and also resolving the above-described drawbacks of the prior art. 
As a result, they have discovered that the desired aim can be achieved by spraying a solution of a 
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water-soluble polymer onto particles of a crystalline drug dispersed in air, then drying the drug. 
They have also found that even better results can be obtained when the solution of the water- 
soluble polymer also has dissolved therein the same sparingly water-soluble drug as that onto 
which the solution is applied. 

[0015] ' , 

These findings were first discovered by the inventors and could not in any way have been 
anticipated from the ordinary knowledge familiar to those skilled in the art. Although the 
mechanism of action underlying the method of the invention is not yet fully understood, the 
inventors believe it involves the solubilization of crystals by a thin film or fine particles of the 
water-soluble polymer adhering to the surface of crystals of the drug. 

[0016] 

Illustrative examples of sparingly water-soluble crystalline drugs to which the invention may 
be applied include, ibuprofen, indomethacin, mefenamic acid, phenytoin, ajmaline, isosorbide 
dinitrate, nifedipine, noscapine, epinephrine, prednisolone, prostaglandin E, and prostaglandin Ej, 
although the possibilities are not limited to these alone. Indeed, the invention may be applied to 
any crystal or crystalline drug that is either "substantially insoluble" or "sparingly soluble" 
according to the criteria set forth in the Pharmacopoeia of Japan. 

[0017] 

When improving the solubility of the drug using the method of the invention, it is 
advantageous to use crystalline particles having a particle size of not more than 50 [im. 

[0018] 

Illustrative, non-limiting examples of the water-soluble polymer used in the invention include 
hydroxyethylcellulose, hydroxypropylcellulose, hydroxypropyl methylcellulose, methylcellulose, 
carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl alcohol, polyacrylic acid and salts 
thereof, polyethylene glycol, pullulan, dextrin, gum arable, sodium alginate and gelatin, although . 
any pharmacologically acceptable water-soluble polymer may be used for this purpose. 



[0019] 
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Illustrative, non-limiting examples of the solvent used in the invention include v^ater, organic 
solvents such as methanol, isopropanol, methylene chloride, hexane and acetone, and mixtures of 
two or more thereof, although any solvent capable of dissolving the water-soluble polymer may 
be used for this purpose. It does not matter whether the solvent has or lacks the ability to dissolve 
the sparingly water-soluble crystalline drug to which the invention is applied. 

[0020] 

The relative proportion of the sparingly water-soluble crystalline drug and the water-soluble 
polymer is such that the amount of the polymer is about 0.2 to 20 wt.-% the amount of the drug. 
Although the relative proportions also vary empirically with the type of crystalline drug and the 
water-soluble polymer, the ratio is generally about 0.3 to 10.wt.-%, and mpst preferably about 0.5 
to 5 v^.-%. 

[0021] 

At a ratio of less than 0.2 wt.-%, sufficient solubility-improving effects cannot be achieved. 
On the other hand, at a water-soluble polymer ratio greater than 20 further enhancement of 

the solubility improving effects is less likely, in addition to which the proportion of the 
preparation accounted for by the additive increases. Moreover, a single spray application of the 
polymer solution onto the crystalline drug particles fails to provide a sufficient amount of 
adhesion, making it necessary to increase the number of sprayings, which has the undesirable 
effect of prolonging the spray treatment time. 

[0022] 

The solution of water-soluble polymer may also have added thereto small amounts of 
additives such as surfactants, plasticizers and pH modifiers. Moreover, the same drug as the 
crystalline drug whose solubility is to be improved may also be dissolved in this solution. Doing 
so often provides an additional solubility-enhancing effect. 

[0023] 

In the present invention, it is critical that the crystalline drug particles be sprayed while 
dispersed in air. For example, in cases where a tumbling granulator or a stirring granulator is 
used, if spray treatment is carried out while the particles are in mutual contact, the particles will 
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cohere to each other, forming masses which render deposition of the water-soluble polymer non- 
uniform and thus fail to achieve adequate solubility-improving .effects. 

[0024] 

Illustrative examples of good devices for carrying out spray treatment on the crystalline drug 
particles which have been dispersed in air include fluidized bed dryers and flash dryers equipped 
with a spraying mechanism. A preferred example of the spraying mechanism is a nozzle having a 
concentric, three-tube construction with a crystalline drug particle-discharging tube at the center, a 
water-soluble polymer solution-discharging tube on the outside thereof, and an outermost tube for 
discharging compressed air (Unpublished Japanese Patent Application No. Hei 3-270598). 

[0025] 

Examples of the invention are given below by way of illustration. 
[0026] 

Examples \ 

Working Examples 1 to 5: 

Solutions of water-soluble polymers (2 wt.-%) having the respective compositions shown in 
Table 1 were sprayed onto indomethacin particles (average particle size, 10 ^m) as the sparingly 
water-soluble crystalline drug particles. Spraying was carried out using a jet coater of the 
construction shown in Fig. 1 (CM-Mini, manufactured by Freund Industrial Co., Ltd.) under the 
conditions shovra in Table 2. 

[0027] 

The apparatus shown in Fig. 1 includes a treatment chamber 1 , a cyclone 2, an air inlet 3, a 
filter 4, a heater 5 and a blower 6. Drug particles 8, water-soluble particles 9 and compressed air 
10 are each fed from the exterior to a three-fluid nozzle 7 situated at the bottom of the treatment 
chamber 1 . The enlarged view in Fig. 2 shows a particle inlet charmel 8a, a solution inlet channel 
9a, and two system air inlet charmels 10a and 10b. The drug particles 8 and water-soluble 
polymer solution 9 sprayed upward from this three-fluid nozzle 7 are contacted with each other by 
means of a jet. 
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[0028] 

Table 1 





Water-soluble polymer solution 
(2 wt.-% concentration) 


Water-soluble 

polymer/ 
indomethacin 
weight ratio 
(%) 


Concentration of 
indomethacin 
added to water- 
soluble polvmer 
solution (%) 


Remarks 


Water- 
soluble 
polymer 


Solvent 


Example 1 


HPCO 


ethanol 


2 


_ 




Example 2 


HPCO 


water 


2. 






Example 3 


HPMC2) 


methylene chloride/ethanol -1:1 


2 






Example 4 


HPMC2) 


water 


2 






Example 5 


HPCO 


ethanol 


2 


2 




Comp. Ex. 1 




ethanol 




2 




Comp. Ex. 2 


EC3) 


ethanol 


2 




EC is water-insoluble 


Comp. Ex. 3 




ethanol 









1) HPC-L (hydroxypropyl cellulose, made by Nippon Soda Co., Ltd.) 

2) TC-5R (hydroxypropyl methylcellulose, made by Shin-Etsu Chemical Co.; Ltd.) 

3) Ethyl cellulose 



[0029] 

Table 2 



Inlet air temperature 


40°C 


Exhaust 


4.0 m^/min 


Feeder air pressure 


3.2kg/cm2G 


Spray air pressure 


L0kg/cm2G 


Drug particle feed rate 


5 g/min 


Water-soluble polymer solution feed rate 


5 g/min 



[0030] 

Comparative Example 1 shown in Table 1 is an example in which ethanol containing 2 wt.-% 
of dissolved indomethacin was sprayed onto indomethacin particles. In Comparative Example 2, 
ethanol containing 2 v^.-% of dissolved ethyl cellulose, which is a water-insoluble polymer, was 
sprayed. In Comparative Example 3, ethanol alone was sprayed. In each case, spraying was 
carried out using a jet coater and under the conditions shown in Table 2. 

[0031] 

Six milligrams of the respective drug compositions obtained by the methods described above 
in Working Examples 1 to 5 and Comparative Examples 1 to 3 were subjected to dissolution tests. 
The resulting dissolution curves are shown in Fig. 3. In these dissolution tests, the solubility of 
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indomethacin in the respective drug compositions was determined according to the Second . 
Dissolution Test Method (Paddle Method) in The Pharmacopeia of Japan, Twelfth Edition 
(JPXII). The procedure was carried out with an automatic dissolution tester (DT-600, 
manufactured by JASCO Corporation) using a pH 4.7 acetate buffer solution. 

[0032] . * ' . 

Working Example 6: 

Mefenamic acid particles (average particle size, 27 |im) as the sparingly water-soluble 
crystalline drug particles were sprayed with a 5% ethanol solution of HPC-L (hydroxypropyl 
cellulose manufactured by Nippon Soda Co., Ltd.). Spraying was carried out with the jet coater 
shown in Fig. 1 under the conditions shown in Table 2. 

[0033] 

The respective drug compositions obtained by the above-described method were each 
furnished in an amount of 20 mg to the Second Solution [sic] Dissolution Test described under 
IDisintegration Test Methods in JPXII, in much the same manner as in the foregoing test. The 
resulting dissolution curves are shown in Fig. 4. 

[0034] 

Advantages of the Invention: 

As is apparent from the results in Working Examples 1 to 6, the solubility-improving method 
of the invention has the outstanding effect of being able to improve the solubility of a sparingly 
water-soluble drug without the use of a large amount of additives. 

Brief Description of the Diagrams 

Fig. 1 shows the overall construction of the jet coater used in the working examples. 

Fig. 2 is an enlarged cross-sectional view of the three-fluid nozzle in the jet coater shown in 
Fig. 1. 

Fig. 3 is a graph showing the dissolution curves for drug compositions prepared in Working 
Examples 1 to 5 and Comparative Examples 1 to 3. 

Fig. 4 is a graph showing the dissolution curves for the drug composition prepared in Working 
Example 6. 
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Ex planation of the Reference Symbols 

1: Treatment chamber ■ 

2: Cyclone 

3: Air inlet 

4: Filter 

5: Heater 

6: Blower 

7: Three-fluid nozzle 

8: Drug particles 

8a: Particle inlet channel 

9: Water-soluble polymer solution 

9a: Solution inlet channel 

10: Compressed air 

10a: Air inlet channel 

10b: Air inlet channel 



6 Blower 




9 Water-soluble polymer solution 

Fig. 1 



PFIZER — PC10755AJTJ: JP-A Hei 6-128147: Method for improving sparingly water-soluble drugs, and drugs... [Japanese] • 13 



10a 



10 Compressed 
air 



9 Water-soluble polymer ^^^^ 




Compressed air 



Fig. 2 




*Percent dissolution is defined as 



Time (hr. ) 

amount of dissolved indomethacin 



xlOO. 



overall amount of drug composition 
**C is indomethacin that has not been subjected to solubility-improving treatment. 

Fig. 3 
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